Five cosmids containing inserts that comprise the complete genome of the multicapsid nuclear polyhedrosis virus of Orgyiapseudotsugata were mapped with four restriction enzymes (BgllI, ClaI, SstI, XhoI). From these cosmid maps, composite maps of the complete genome were constructed for each restriction enzyme. A region containing repeats of the sequence GGC downstream of the polyhedrin gene was used to probe the genome. It cross-hybridized with a region which, upon sequence analysis, was found to be a highly repetitive GC-rich region of nearly 500 nucleotides. The two GC-rich regions appeared to be evolutionarily unrelated.
In a previous report (Leisy et al., 1984) , we demonstrated the utility of a cosmid cloning vector (pVK102; Knauf & Nester, 1982) to clone partial digests of DNA from a nuclear polyhedrosis virus (NPV) of Orgyia pseudotsugata (OpMNPV) and we presented genomic maps for the enzymes HindlII, EcoRI, BamHI and XbaI. Using recombinant cosmids as hybridization probes, we determined that the genome of OpMNPV was organized colinearly with that of the NPV of Autographa caliJbrnica (AcMNPV). The genome of AcMNPV has five regions which contain homologous repeated sequences termed hr 1 to 5 (Cochran & Faulkner, 1983) . These repeated sequences have been implicated as enhancers for the expression of a delayed early gene in AcMNPV . Although the genomes of AcMNPV and OpMNPV show 26 % homology by hybridization under non-stringent conditions (Rohrmann et al., 1982) and demonstrate a colinear organization (Leisy et al., 1984) , repeated sequences related to the hrs of AcMNPV appear to be lacking in OpMNPV. The hr5 of AcMNPV is located directly upstream of the p26-p10-p74 gene region Liu et al., 1986) . Analysis of this region of OpMNPV revealed that, although the p26, pl0 and p74 genes from the two viruses are similar in DNA sequence and gene organization, sequences resembling hr5 were not present upstream of the OpMNPV p26 gene. Additionally, hybridization under non-stringent conditions of the AcMNPV HindlII Q fragment, which contains hr5, to blots of restriction digests of the OpMNPV cosmids provided no evidence for the presence of sequences closely related to the AcMNPV hrs anywhere within the OpMNPV genome (Bicknell et al., 1987) . In this report we describe further mapping of the OpMNPV cosmids and their use for an investigation of GC-rich repeated sequences present in the OpMNPV genome.
Five cosmid clones (1, 39, 47, 54, 58) which span the entire OpMNPV genome were used for mapping restriction endonuclease sites (Leisy et al., 1984) . Four enzymes (BgllI, ClaI, SstI and XhoI) which generate 3' or 5' overhangs and allow cloning into conventional vectors were used for mapping. These enzymes produce 1 l, 13, 24 and 25 fragments, respectively (Fig. 1) , with a size range of 0-07 to 41.1 kb (Table 1) . By analysis of the fragment patterns from a combination Table 1 for sizes). Digestions were performed as described in the text and DNA was electrophoresed on 0.7~ agarose-TBE gels for 14 h at 20 V. OpMNPV DNA was purified from polyhedra isolated from OpMNPV-infected O. pseudotsugata larvae as previously described (Quant-Russell et al., 1987) . of double digests, maps for the five cosmids which span the complete genome were generated. Since the order of the cosmid inserts in relation to the complete genome had been previously determined (Leisy et al,, 1984) , the cosmid maps could be correlated with digests of the complete genome ( Fig. 1 , Table l) to provide complete BgllI, ClaI, SstI and XhoI maps for the OpMNPV genome (Fig. 2) .
The sequence of a 1.6 kb DNA fragment containing the OpMNPV polyhedrin gene was recently reported (Leisy et al., 1986) . Further sequencing downstream of this gene revealed a series of repeated DNA sequences (Fig. 3) . The sequence consists of two adjacent pairs of completely conserved 48 bp tandem repeats (Fig. 3 b) . The adjacent sets of repeats show a large degree of similarity indicating that the tandem duplications occurred after an earlier duplication. Each repeat is flanked by three to nine repeats of the triplet GGC. To determine whether similar sequences might occur elsewhere in the genome, a 341 bp Sau3A/AvaI DNA fragment ( Fig. 3a) containing the repeated region was labelled and hybridized under nonstringent conditions to Southern blots of digests of the five cosmids and of genomic DNA. Regions of cross-hybridization (in addition to the fragments containing the probe sequence) were identified on cosmids 54 and 58 (data not shown). The fragment on cosmid 58 demonstrated the most intense hybridization and was further characterized. The region of crosshybridization was mapped to a 750 bp PstI/HindlII fragment located on the left end of a 1.4 kb PstI fragment within the SstI I fragment (Fig. 4a) . Analysis of this region revealed a sequence made up predominantly of repeats of the sequence G G C G or the closely related variant G G T G , and a dinucleotide which results in amplification of groups of six nucleotides. The duplication The ClaI K fragment shown in parentheses is present in genome but not in the cosmid digests. It was shown by hybridization to be part of the ClaI C fragment in the cosmid DNA. Leisy et al., 1986) . The asterisks indicate evidence for an earlier duplication. This sequence was determined from the 2.5 kb SalI fragment containing the polyhedrin gene which was cloned into Ml3mpl9 in both directions, and deletion subclones were generated by unidirectional digestion with exonuclease III following the procedure of Henikoff (1984) as previously described (Leisy et al., 1986) . The nucleotide sequence of insert DNA was determined by the dideoxy chain termination (Sanger) method (Anon., 1980) using either the large (Klenow) fragment of DNA polymerase I (Bethesda Research Laboratories) or Sequenase (U.S. Biochemical Corp.). The manufacturer's protocol for Sequenase was followed, except that the incubation temperature was increased to 42 °C; both the dGTP and dlTP labelling mixtures were used to sequence GC-rich regions and [ct -3 s S]dATP (1000 to 1500 C i/retool) purchased from New England Nuclear was used as the label.
appears to have resulted from several initial duplications of the 6 bp sequence and then subsequent duplications of sets of up to 30 bp composed of the 6 bp sequences (Fig. 4b) .
Computerized comparison of the probe sequence from cosmid 47 and the repeated sequence from cosmid 58 revealed 44700 similarity over 188 bp with four regions of 72~ or higher similarity over 17 to 24 bp (data not shown). These regions are presumed to be responsible for the strong cross-hybridization. This indicates that hybridization is due to GC-rich regions occurring in both sequences rather than from the presence of duplicated sequences in two separate regions of the genome. In both repeat regions, the sequences were characterized by a repeated structure in multiples of three such that potential open reading frames are retained in frame. polyadenylated RNAs homologous to this repeat family are expressed and appear to be developmentally regulated. Haynes et al. (1987) described a GGN repeat in Drosophila termed pen which encodes a glycine-rich domain homologous to rat helix-destabilizing protein.
Repeated sequences have now been characterized in three baculovirus systems. Kuzio & Faulkner (1984) and Arif & Doerfler (1984) described the presence of repeated DNA in the NPV of Choristoneura fumiferana in four regions of the genome. Hybridization data, however, indicated that these repeats were not related to the repeats of AcMNPV; they also lacked EcoRI sites characteristic of the hrs of AcMNPV (Kuzio & Faulkner, 1984) . The OpMNPV repeated sequences are also different from the AcMNPV hrs: they are unrelated in sequence, are not distributed in a similar manner in the genome, are not present as inverted repeats, and appear to be highly conserved. However their pattern is somewhat similar to the six nucleotide sequence (CGNTCN) reported by Oellig et al. (1987) which codes for 16 repeats of Arg-Ser within an open reading frame at 82-8 map units in AcMNPV. The extent of conservation of the OpMNPV repeated sequences may indicate that they are of recent origin and have not evolved extensively. This is in contrast to the AcMNPV hrs which appear to have been duplicated in the genome and then undergone extensive evolution resulting in substantial variation between the different hrs but with the retention of a highly conserved 26 bp palindrome surrounding the EcoRI sites . The highly conserved repeated sequences characterized in this report may result from the ability of the baculovirus genome to accommodate additional DNA. Therefore duplication of sequences which do not disrupt essential genome functions would not be selected against. The ability of baculoviruses to accommodate additional DNA has been amply demonstrated in the construction of recombinant baculoviruses with the ability to express foreign DNA (Smith et al., 1983; Pennock et al., 1984) and may also be indicated by the size range of baculovirus genomes which may vary from 88 to 150 kb (Burgess, 1977; Leisy et al., 1986) . The high GC content of the OpMNPV repeated sequences may indicate that such sequences are prone to duplication due to the effects they have on the viral DNA polymerase. It may also cause secondary structures to form during DNA replication thereby affecting the fidelity of the DNA polymerase.
